without natural antitoxin responded in different ways (e.g. Fig. 1 b) . The antitoxin titer after the primary stimulus was rather low in horses receiving an adsorbed toxoid and did not exceed 100 units.
When the maximum titers of a-antitoxin are compared, group S is by far superior to the other groups, and group C is slightly better than group A.
All the horses in group C showed after injections of the secondary stimulus severe side reactions such as increase in the pulse frequency and severe oedema at the site of injection.
Horse No. 1 showed a severe reaction even after the primary stimulus.
Because of these unfavorable reactions, the intervals of successive injections often had to be prolonged.
Although the horses in group C yielded a-antitoxin of 200-400 units per ml of serum 40-50 days after the secondary stimuli, further injections were discontinued because of their general debility. Some of them were subjected to emergency bleeding and others died during medical treatment.
These results show that toxoid C is an unfavorable antigen for the hyperimmunization of horses. In the case of the production of diphtheria and tetanus antitoxin the purification of antigens was not necessary; even the culture filtrate itself has been shown to be a good antigen for hyperimmunization. Although the reason why the non-purified toxoid of Clostridium perfringens was harmful for horses is not known, it may be plausible to explain that some of the multiple antigens found in the culture filtrate of the organism provoke ill effects on horses. An allergic reaction may be involved in these effects. Further experiments are necessary to elucidate the mechanism of the side reactions.
In contrast to the severe reactions found in group C, horses in groups A and S showed few general symptoms.
Local oedema was sometimes observed in several NOTE Vol. 23 horses, especially in those which received the antigen with the oil adjuvant, but no difficulty was experienced in continuing the immunization. Toxoid S is, however, preferable in regards to the antigenicity.
As far as the horses in group S are concerned, it is possible to produce antitoxin of a high titer in 75 % of horses irrespective of the grade of the potential immunity.
The higher immunogenicity of the purified toxoid was also proved with guinea pigs (Ito, 1970) . The results clearly demonstrated that horses without any detectable natural antitoxin can be immunized successfully to produce a-antitoxin. The titers of a-antitoxin obtained in this study were superior to those of Basu and Roy who used horses having high titers of the natural antitoxin.
The effect of the ad juvant on the antitoxin production is of great interest. The oil ad juvant is by far superior to the aluminum ad juvant so far as the antitoxin titer in the primary response is concerned, while no difference was observed between the two ad juvants in the maximum titer of the antitoxin, nor in the rate of the antitoxin production after the secondary stimulus.
Ito (1969, unpublished) observed a similar phenomenon with alpha toxoid in rabbits but not in guinea pigs.
These results are reminiscent of the report by Barr and Jones (1951) who stated that the diphtheria prophylactic PTAP was superior to APT for the primary immunization of guinea pigs, while no difference was recognized between the two prophylactics in the secondary response of the primed animals.
